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Removal of one kidney is known to cause enlargement of the
remaining kidney, but not other organs. Lowenstein and Stern
[11 showed that injection of serum from uninephrectomized rats
into normal recipient rats led to an increased incorporation of
tritiated thymidine into the kidney cells but not into the liver
cells of the recipients. Their results suggest that there is a
humoral substance acting specifically on the kidney that pro-
motes renal compensatory hyperplasia. Ogawa and Nowinski
[2] also reported that the addition of uninephrectomized rat sera
to various rat organ fragments explanted in plasma clot en-
hanced mitosis of outer medulla of kidney but not other organs
such as the bladder, anterior pituitary, and pancreas. Similarly,
Preuss, Terryin, and Keller [3] showed that incubation of rat
kidney slices with plasma taken from rats 24 hr after unineph-
rectomy results in stimulation of thymidine incorporation into
DNA and uridine incorporation into RNA. Based on accumulat-
ed information, many investigators favor the theory that com-
pensatory renal growth is controlled by a circulating renotropic
factor [1—41. In our previous publication [5], this hypothetical
renotropic growth factor was demonstrated in uninephrecto-
mized rabbit sera with tissue culture assay systems, using
primary rabbit kidney cell cultures. We found that in vivo
specificity of the renotropic growth factor is reproduced in in
vitro assay by tissue culture with high precision. The reliability
of these in vitro studies promises us that tissue culture studies
of various renal problems will provide valuable information for
understanding in vivo regulation and molecular mechanisms of
kidney growth. Moreover, in vitro studies of the mechanisms of
kidney cell growth and physiology by the use of tissue culture is
not only rapid but also economical. Thus, tissue culture tech-
nology should serve as an excellent tool for studying mecha-
nisms of kidney growth and disease processes in humans. In
this communication, we report rabbit and human renotropic
growth factor (called renotropin) found in sera of nephrecto-
mized rabbits, and human kidney transplantation donor and
cancer patients.
Methods
Preparation of rabbit sera. Ten rabbits (5 to 6 weeks old) that
weighed 2 kg were used. Right unilateral nephrectomy by
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lumbar incision was performed under pentobarbital anesthesia
(Nembutal sodium solution, Abbott Laboratories, North Chi-
cago, Illinois). Sera, called normal and nephrectomized sera,
were prepared from blood drawn by cardiac puncture a few
days before and 1, 3, 7, 10, 14, and 21 days after nephrectomy.
Sera were separated by centrifugation at 3,000 rpm for 15 mm
after overnight incubation of clotted blood at 4°C. Although
these sera were isolated aseptically, we further sterilized them,
using a filter (0.45 m pore size; Millipore, Bedford, Massachu-
setts) and stored them at —20°C until used. Sham animals were
handled similarly except the kidneys were not excised. Control
serum from a sham animal was obtained 7 days after a sham
nephrectomy.
Preparation of human sera. Sera from two patients were used
for these experiments. A 53-year-old male was the living donor
of a kidney transplantation. A 64-year-old male was diagnosed
as having left renal adenocarcinoma with bone metastasis, and a
left nephrectomy was performed. The latter patient's bilateral
renal function was normal. Operations (unilateral nephrectomy)
of these patients were perftrmed by lumbar incision under
general anesthesia. After nephrectomy, blood transfusion was
not performed. Sera were collected by venous puncture a few
days before and at various periods after nephrectomy. Sera
were separated and stored as in rabbit sera.
Cell cultures and growth media. Five primary culture cell
systems and two established cell lines were used to assay the
growth-stimulating factor. Primary rabbit kidney cell cultures
(PRK) were generated from kidneys taken at nephrectomy.
Primary rabbit skin fibroblasts were prepared from adult rabbit
skin. Primary baby hamster kidney cultures were derived from
kidneys of hamsters 1 to 3 days old. Primary human kidney
(PHK) cell cultures were generated from a kidney of a hydrone-
phrosis patient. Primary human prostatic cell cultures were
derived from human prostate. Single cell suspensions were
prepared after 0.25% trypsin (Flow Laboratories, Rockville,
Maryland) digestion of the kidney tissue by the methods of
Gallagher [6], The rabbit and hamster cells were plated in
Dulbecco's modified Eagle medium (DME) supplemented with
10% fetal bovine serum (FBS) (Microbiological Associates.
Bethesda, Maryland). All human cells were cultured in Eagle's
minimum essential medium (MEM) supplemented with 20%
human serum. A rabbit kidney transformed cell line RK-13 [5,
7] was purchased from Flow Laboratories and grown in DME
supplemented with 10% FBS. All cell cultures were subcultivat-
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Fig. 1. Primary human kidney cell cultures prepared for assaying
growth-stimulating activity of uninephrectomized sera.
ed routinely at a split ratio of 1:2 once or twice a week with the
aid of a mixture of 0.1% trypsin and 0.15% EDTA in phosphate-
buffered saline (PBS). All cell cultivations and experiments
were performed at 37°C in a 5% CO2 incubator. Carcinoma cells
were isolated from human renal adenocarcinoma and cultured
in MEM supplemented with 10% newborn calf serum. Although
freshly isolated culture from renal carcinoma generally contains
some normal cells, several subcultivations seem to eliminate
most of the normal cells, yielding a carcinoma cell-enriched
culture designated as strain NT.
Standard assay for stimulation of DNA synthesis. Cultured
cells were seeded at 1 x io cells per 35 x 10 mm petri dish
(Lux Scientific Corporation) in a medium (DME for animal cells
and MEM for human cells) containing appropriate serum. Five
days later, a confluent monolayer was obtained (4 x i05 cells!
plate). The cells were washed with phosphate-buffered saline
(PBS), pH 7.2, three times and incubated with 2 ml of a medium
(DME or MEM) for serum-free starvation. Twenty-four hours
later, various concentrations of normal and nephrectomized
sera were added. Sixteen or eighteen hours after the addition of
serum, the cells were washed with PBS three times and
incubated in an appropriate serum-free medium in the presence
of 3H-thymidine (specific activity, 19.3 Ci!mM, Amersham,
Arlington Heights, Illinois) at a final concentration of 1 Ci/ml
for 80 mm at 37°C. The 16- to 18-hr serum incubation period
after 24-hr serum-free starvation (see text) was selected be-
cause the greatest tritiated thymidine incorporation of the cells
was found to occur. The cells were then washed three times
with cold PBS and dissolved in 1 N NaOH solution. The 10%
trichioroacetic acid (TCA) insoluble material as synthesized
DNA was collected on a filter (0.45 m, Millipore) and counted
in an Amersham scintillant with a scintillation counter (Inter-
technique, Fairfield, New Jersey). All assays were performed in
duplicate and averages were determined.
Results
Cultivation of kidney epithelial cells. Cortex area of the rabbit
kidney was excised, minced, and trypsinized as described by
Gallagher [61. Cultivation of trypsinized kidney cells in DME
containing 10% FBS results in a confluent monolayer of cells
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Fig. 2. Effects of serum-free starvation on primary cultured cells of the
human kidney and the addition of serum on their cell cycle. Symbols
are: U—•, MEM + 20% serum; MEM + 10% serum;
A—A, MEM + 5% serum; O—O, MEM only. The abbreviation
MEM refers to Eagle's minimum essential medium. Abscissa repre-
sents the time after the addition of serum. Ordinate represents 3H-
thymidine uptake (cpm x l0) per dish 80 mm pulse. Confluent
monolayer cells were used for these experiments.
with scattered kidney fragments. A few days after the second
subculture, a uniform monolayer was obtained. The majority of
cell populations showed epithelial-like appearance. Contamina-
tion of fine, long spindle-shaped cells (fibroblasts) was at a
rather small proportion, 10% or less, depending on each
culture.
Similarly healthy cortex area of human kidney from hydrone-
phrosis patients was excised and cultured in MEM supplement-
ed with 20% human serum. The second subculture produced a
monolayer of epithelial cells as shown in Figure 1. The second
and third subcultures of human and rabbit kidney cells were
used as primary kidney cultured cells. These primary cultures
are sensitive to density dependent inhibition (or contact inhibi-
tion) of cell division. For in vitro simulation of hypertrophy and
hyperplasia of a three dimensional solid organ such as the
kidney, we analyzed stimulation of DNA synthesis in contact-
inhibited confluent monolayer cells rather than sparsely plated
cells.
Effect of serum on DNA synthesis after starvation in a serum-
free medium. For demonstration of growth stimulation by
humoral serum factor, thymidine incorporation can be mea-
sured for initiation of the cell division cycle. Synchronization of
cells should maximize the sensitivity of cell division assays.
Even contact-inhibited cultures contain a small fraction of the
cell population which are in the ongoing cell cycle. Serum-free
starvation for 24 hr should synchronize the entire cell popula-
tion at the quiescent state as the Gl phase of the cell cycle,
because an average mammalian cell cycle takes about 24 hr.
After serum-free starvation of confluent monolayers of PRK
or PHK cells, we examined effects of normal serum of the
corresponding species on thymidine incorporation into the acid-
insoluble fraction. The cells starved for 24 hr in a serum-free
medium were exposed to three different concentrations (1, 3,
and 10% for PRK, and 3, 10, and 20% for PHK) of normal sera
3 6 8 10 12 14 16 18 2022 24 26 3032 36
Time, hours after medium change
626 Yamamoto et al
Fig. 3. Kinetic studies of 3H-thymidine incorporation into DNA of
primary rabbit kidney cells in the presence of normal rabbit serum.
Symbols are: DME + 3% serum; •—S, DME + 1% serum:
and O—.-—O, serum-free medium. The abbreviation DME refers to
Dulbecco's modified Eagle medium. Abscissa represents the time of
incubation with 3H-thymidine. Ordinate represents the 3H-thymidine
uptake (cpm X 10 4) per plate. Confluent monolayer cells were used for
these experiments.
for various periods. Temporal changes in thymidine incorpo-
ration of both human and rabbit kidney cells showed very
similar patterns [5]. As shown in Figure 2, the maximum
incorporation of thymidine in PHK occurred 16 to 18 hr after
the addition of human serum whereas immediately or 36 hr after
the addition of serum, the cells incorporated almost no 3H-
thymidine. This observation suggests that the starved PHK
cells were synchronized at the GI phase as a quiescent state,
and 16 to 18 hr after the addition of serum, the majority of the
stimulated cells reached the IS" phase for DNA replication.
When uninephrectomized human and rabbit sera were tested
for stimulation of DNA synthesis of cultured PHK and PRK
cells, respectively, the kinetics of thymidine incorporation into
cells was similar to that with the corresponding normal sera.
However, their maximum amount of thymidine incorporation
was far greater than with normal sera. Inasmuch as DNA
synthesis is a prerequisite of mitosis, one would expect the
extent of DNA synthesis to be roughly parallel to that of
120 mitosis. Thus, we consider the increased DNA synthesis stimu-lating activity in uninephrectomized sera to be a growth-
stimulating factor.
Kinetics of3H-thymidine incorporation into cultured cells for
assay of DNA synthesis. Kinetics of 3H-thymidine incorpo-
ration for DNA synthesis 18 hr after the addition of normal
rabbit sera to starved PRK cells was studied. As shown in
Figure 3, 3H-thymidine incorporation was proportional to the
incubation period until at least 120 mm. Similarly, a linear
incorporation of 3H-thymidine into PHK cells with normal
human sera was found for at least 90 mm. Thus, we chose the
80-mm incubation of PRK or PHK cells with 3H-thymidine for
assay of stimulation of DNA synthesis by sera. Incorporation of
3H-thymidine increases as serum concentration increases up to
at least 20%.
Effect of serum concentrations on starved kidney cultured
cells. Addition of serum to the cells starved for 24 hr results in
the onset of the cell cycle, DNA synthesis 16 hr later, and
subsequent cell division. Thus, stimulation of cell growth can
be measured by the extent of thymidine incorporation 16 hr
after the addition of serum to the starved cells [5]. As shown in
Figure 4, stimulation of 3H-thymidine incorporation into cellu-
lar DNA of PHK cells increases as serum concentration in-
creases. The increase of thymidine incorporation has a linear
relationship with serum concentration up to at least 10%. After
30% serum concentration, the increase becomes nonlinear.
Therefore, 10% sera were used for most of the experiments on
human cells.
Time course studies of DIVA synthesis stimulating activity in
rabbit sera collected after uninephrectomy. Three concentra-
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Fig. 4. Effect of increasing concentrations of normal human sera on
thymidine incorporation into primary human kidney cells. Ordinate
represents 3H-thymidine uptake (cpm X 10) per dish per 80-mm pulse
at 16 hr after the addition of serum to the serum-free starved primary
human kidney cells.
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Fig. 5. Incorporation of 3H-thymidine into DNA of primary rabbit cells
in the presence of pre- and postnephrectomized rabbit sera. Symbols
are: A—A, DME + 10% serum; •—•, DME + 3% serum; and
•—I, DME + 1% serum. The abbreviation DME refers to Dulbec-
co's modified Eagle medium. Abscissa represents days after nephrecto-
my. Ordinate represents 3H-thymidine uptake (cpm x lO-) per plate
per 80-mm pulse. Confluent monolayer cells were used for these
experiments.
tions (1, 3, and 10%) of the sera were tested for stimulation of
DNA synthesis in confluent monolayer cultures of PRK. As
shown in Figure 5 and Table 1, stimulation of 3H-thymidine
incorporation was markedly increased by treatment with uni-
nephrectomized rabbit sera as compared with normal sera. On
day 3 after nephrectomy, the growth-stimulating activity sharp-
ly increased. Stimulation of 3H-thymidine incorporation
reached a maximum of approximately a twofold increase at day
7 and thereafter gradually decreased. Twenty-one days (3
weeks) after nephrectomy stimulation of 3H-thymidine incorpo-
ration approached the preoperative (normal) level. All unineph-
rectomized rabbits showed similar time course profiles of
growth stimulating activity. However, the time required to
reach the maximum stimulating activity varied from rabbit to
rabbit between 7 and 10 days. When sparsely grown cell
cultures were used to study the growth-stimulating activity of
nephrectomized sera, the stimulation of thymidine incorpo-
i— ration was far greater than that with confluent cell cultures. As
shown in Table 1, growth stimulation by 3 and 10% sera reached
approximately a fivefold increase at 10 days after nephrectomy.
When stimulation of thymidine incorporation by uninephrecto-
mized sera is compared with that by sham-operated sera,
results were similar to those obtained with normal sera.
Time course studies of DNA synthesis stimulating activity in
human sera collected after uninephrectomy. Sera were collect-
ed from a kidney transplantation donor a few days before and 1,
3, 7, and 10 days after uninephrectomy. As shown in Figure 6
and Table 2, stimulation of 3H-thymidine incorporation in
confluent PHK monolayer cells was increased markedly by
treatment with uninephrectomized human sera as compared
with normal sera. Twenty-four hours after nephrectomy, the
growth-stimulating activity sharply increased. Stimulation of
3H-thymidine incorporation reached a maximum (approximate-
ly sixfold increase) at days 5 to 7 and thereafter gradually
decreased. Ten days after nephrectomy, stimulation of 3H-
thymidine incorporation approached approximately threefold
above the preoperative level. Because of the scarcity of trans-
plantation donors, we confirmed the above results with sera of
uninephrectomized cancer patients whose adenocarcinoma-
bearing kidney was removed.
Sera of a renal carcinoma-bearing patient were collected at
various intervals 1, 3, 5, 7, 10, 14, and 21 days after unilateral
nephrectomy. Two concentrations (10 and 20%) of these sera
were tested for stimulation of DNA synthesis in confluent PHK
monolayer cultures. As shown in Figure 7, stimulation of 3H-
thymidine incorporation was increased markedly by treatment
with uninephrectomized cancer patient sera as compared with
— prenephrectomized patient sera. Twenty-four hours after
nephrectomy, the growth-stimulating activity sharply in-
creased. Stimulation of 3H-thymidine incorporation reached a
maximum of approximately a sixfold increase between days 5
and 7 and thereafter gradually decreased. Twenty-one days (3
weeks) after nephrectomy, stimulation of 3H-thymidine incor-
poration remained high as a fourfold increase over the preoper-
ative level. These results showed time course profiles similar to
those of the growth-stimulating activity in uninephrectomized
sera of the transplantation donor. When sparsely grown cell
cultures were used to study the growth-stimulating activity of
the nephrectomized cancer patient sera, the stimulation of 3H-
thymidine incorporation was far greater than that with conflu-
ent cell cultures. As shown in Figure 8, growth stimulation by
10 and 20% sera reached an approximate 13-fold increase
between days 3 and 5 after nephrectomy.
Organ specificity of growth-stimulating factor in uninephrec-
tomized sera. It has been well known that uninephrectomy of
animals results in hypertrophy and hyperplasia in the kidney
but has no similar effect on any other organ. When cell cultures
derived from other rabbit organs such as rabbit skin were
examined, stimulation of 3H-thymidine incorporation by
nephrectomized rabbit sera as compared with normal rabbit
sera was not increased (Table I). Similarly, when cell cultures
of human prostate were tested with human sera, an increased
stimulation of thymidine incorporation by nephrectomized can-
cer patient sera as compared with prenephrectomized sera was
19 to 34%. Since this increase is less than 5% of the increase
observed with the primary kidney cultures (Table 2), these
values are too small to be significant. Therefore, we concluded
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Fig. 6. Incorporation of H-thymidine into DNA of primarf human
kidney cells after incubation with pre- or postnephrectomized sera of a
kidney transplantation donor. The serum concentration used was 10%.
Abscissa represents serum collected at various intervals after unine-
phrectomy. Ordinate represents 3H-thymidine uptake (cpm >< 10 4) per
dish per 80-mm pulse. Confluent monolayer cells (5 x lOs/dish) were
used for these experiments.
that the growth-stimulating factor in uninephrectomized serum
is renotropic and organ specific in the in vitro assay system.
Specificity f the growth-stimulating ftictor on primary ver-
sus transfhrmed cell lines. When a transformed rabbit kidney
cell line RK-13 was studied, stimulation of thymidine incorpo-
ration in RK-l3 cells by uninephrectomized rabbit serum is
about equal to that by the same concentration of normal rabbit
serum (Table 1). In addition, stimulation of thymidine incorpo-
ration in human carcinoma TN cells by uninephrectomized
human serum is approximately equal to that by the same
concentration of normal human serum, as shown in Table 2.
Therefore, these transformed and cancerous kidney cells are
insensitive to stimulatory effects of renotropic growth factor in
uninephrectomized sera and the renotropic growth factor in
nephrectomized human sera is specific for primary cultured
cells of the kidney.
Species specificity of renotropic growth factor. Primary
cultured cells of the hamster kidney were compared with PRK
cells for stimulation of 3H-thymidine incorporation by unineph-
rectomized rabbit serum. As shown in Table 1, primary hamster
kidney cells are insensitive to rabbit renotropic growth factor in
uninephrectomized rabbit sera. PRK, however, is insensitive to
human renotropic growth factor, as can be seen in Table 2.
Therefore, renotropic growth factors are species-specific.
Discussion
We have established a method to demonstrate renotropic
serum growth factor in uninephrectomized rabbit sera using
tissue culture techniques. We extended this approach to human
renotropic growth factor in uninephrectomized sera of a kidney
transplantation donor and a renal carcinoma-bearing patient.
The characteristics of human renotropic growth factor in unine-
phrectomized sera of both the transplantation donor and the
cancer patient are very similar to those of rabbit renotropic
growth factor. Both human and rabbit renotropic growth factors
showed organ and species specificities in vitro with this tissue
culture assay system. These observations are further supported
with our preliminary data from six additional renal cancer-
bearing patients 71.
Time course profiles of renotropic growth-stimulating activi-
ty are similar in both uninephrectomized humans and rabbits,
although their maximal stimulating levels are different. The
activities of both species sharply increase I or 2 days after
nephrectomy and reach the maximal levels between 3 and 10
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Table 1. Effect of nephrectomized rabbit serum on DNA synthesis of confluent and sparse cultures of various cell types'
Serum in DME
medium
3% Normal serum
3% Nephrectomized
serum"
(Ratio)
10% Normal serum
10% Nephrectomized
serum"
(Ratio)
Primary rabbit kidney Primary rabbit skin
cell fibroblasts RK-13
Confluent Sparse Confluent Sparse Confluent
15,441 1,210 98,414 31,884 11,191
35,965 5,644 97,484 29,146 8.403
(2.33) (4.66) (0.99) (0.91) (0.75)
25,755 2,307 ND 52,522 ND
48,252 10,870 52,038
(1.87) (4.71) (0.99)
Primary baby hamster
kidney cell
Sparse Confluent Sparse
9,694 1,292 999
8.650
(0.89)
ND
319
(0.32)
1,054
(0.81)
2,851
2.835
(0.994)
Abbreviation: ND, not determined.
Values are expressed as counts per minute of the incorporation of H-thymidine per plate. All cultures were incubated for 80 mm with I I.rCi/ml
3H-TdR and then assayed for acid-insoluble fraction.
" Serum was obtained from rabbits 7 days after nephrectomy.
Ratio: counts incorporated with nephrectomized sera to counts incorporated with normal sera.
I I I I I
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Table 2. Effects of nephrectomized human sera on DNA synthesis of various cultured cells
.Serum (%) in DME
mediuma
Normal human kidney cells
Human
carcinoma
cellsb
Human
prostate
ce1ls'
.Rabbit
kidney
cells1'
Type of human seralcell density
Kidney
donor sera
Confluent
Kidney cancer patient sera
Confluent Sparse
10% Prenephrectomized
serum
10% Postnephrectomized
serum
(Ratio)d
20% Prenephrectomized
serum
20% Postnephrectomized
serum
(Ratio)d
6,456'
49,594
(7.62)
ND
4,897 872
30,459 7,999
(6.22) (9.17)
7,335 1,080
37,150 13,550
(5.06) (12.54)
30,803
26,084
(0.85)
98,589
90,866
(0.92)
1,062
1,423
(1.34)
4,245
5,063
(1.19)
25,180
26,473
(1.05)
32,904
30,121
(0.92)
Abbreviation: ND, not determined.
a Five-day postnephrectomized sera of the patient or the kidney transplantation donor were used, because serum growth-stimulating activity
reaches the maximal point about day 5 after nephrectomy.
b Confluent monolayer cells and nephrectomized cancer patient sera were used.
Values are expressed as counts per minute of 3H-thymidine incorporation per plate.
d Ratio: counts incorporated with postnephrectomized sera to counts incorporated with prenephrectomized sera.
days. However, the activity of human renotropic factor de-
creases quite slowly in comparison with the rabbit renotropic
growth factor. Three weeks after nephrectomy, the activity of
renotropic factor in human sera remained as high as fourfold
over that of normal human serum, while the activity of rabbit
renotropic factor returned to the normal level. The gradual
decline of growth-stimulating activity of human sera must be
due to a slow increase in renal mass to full compensation.
Growth rate of renal mass should be a reflection of the renal
work load level. Renal growth is known to be dependent on diet
and age. High-protein diets increase kidney weight rapidly
while low-protein diets do so slowly [8—101. Alternatively, this
could be explained by the difference in life spans of animals.
Longer life span animals may take a longer time period for renal
growth and require lengthy maintenance of the renotropic
growth factor.
As we reported [5], the number of cells being initiated for cell
cycle by growth factors in uninephrectomized sera is much
greater than that by growth factor(s) in normal serum. Unine-
phrectomized serum contains a renotropic growth factor in
addition to normal serum growth factors, such as fibroblast
growth factor [11, 121 and epithelial growth factor [13]. In time
course analysis, the maximal increase in DNA synthesis stimu-
lation in rabbit kidney cell cultures by uninephrectomized
rabbit sera over that by normal sera is about twofold in a
confluent cell culture and fivefold in a sparse cell culture. These
time course profiles were consistent with all uninephrectomized
rabbit sera tested. Relative maximal increases are independent
of the serum concentrations used, but dependent on the relative
number of cell types, for example, epithelial versus fibroblast,
in cultures. In vivo studies by others [1, 14] seem to suggest that
renotropic growth factor stimulates growth of epithelial cells of
proximal tubules. Growth of other cell types such as fibroblast
in the kidney cultures can be stimulated by normal serum.
When uninephrectomized human sera of a kidney transplanta-
tion donor and a renal carcinoma-bearing patient were studied,
a rather large increase (six- to 13-fold) in DNA synthesis
stimulation in human kidney cells by uninephrectomized human
sera was observed as compared with preoperative sera. This
should be due to a relatively low concentration of fibroblasts in
the human kidney cell cultures. It is important to note here that
low (two or three) passaged cultures of the primary kidney cells
should be used for assay of renotropic growth factor. With
higher passaged kidney cultures, the sensitivity to growth
stimulation by renotropic growth factor was reduced greatly. It
has been known that, as the passage number of primary
cultured cells grown in serum containing medium increases, the
population of fibroblast cells increases and eventually takes
over the entire cell population. This can be explained by the
mechanism that serum growth factors, not only fibroblast
growth factor but also epithelial growth factor, stimulate growth
offibroblasts [15, 161.
One of the most important findings is that the renotropic
growth factor recognizes a strict cell type specificity distin-
guishing primary kidney cells from transformed kidney cells.
An explanation for the primary kidney cell specificity of reno-
tropic growth factor is the fact that transformed and cancer cells
have lost the cell types of the origins [17]. This role of
specificity has attained a much greater immediacy as the result
of our findings with human renal cancer patients that human
renotropic growth factor is specific to primary human kidney
but not renal carcinoma cells. Thus, our suggestion that reno-
tropic growth factor produced after removal of a cancer-bearing
kidney lacks growth stimulation of metastasized renal carcino-
ma should be of clinical interest.
Summary. When synchronized primary rabbit kidney mono-
layer cell cultures were incubated with a medium that contained
uninephrectomized rabbit serum, the incorporation of tritiated
thymidine into DNA was much greater than that with a medium
that contained normal rabbit serum. The maximal growth-
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Fig. 8. Incorporation of 3H-thymidine into DNA of sparsely cultured
primary human kidney cells (1 X 105/dish) after incubation with pre- or
postnephrectomized sera. Uninephrectomized sera of a cancer patient
were used for these experiments. Symbols are: •—, MEM + 20%
serum; A--———A, MEM + 10% serum. The abbreviation MEM refers to
Eagle's minimum essential medium. Abscissa represents before or days
after nephrectomy. Ordinate represents -H-thymidine uptake (cpm x
I0—) per dish 80-mm pulse.
ferences in the maximal growth-stimulating activities may be
due to differences in the relative number of cell types, for
example, epithelial versus fibroblast, present in these kidney
cell cultures.
By the use of primary cultured cells from other organs such
as rabbit skin and human prostate and primary kidney cultures
from three species (rabbit, human, and hamster), the growth-
stimulating factor in uninephrectomized sera showed organ
specificity, that is, renotropic and species specificity in this in
vitro assay system. A transformed rabbit kidney cell line RK-13
and a human renal carcinoma cell culture NT did not respond to
the renotropic growth-stimulating factor in uninephrectomized
sera of their own species, indicating that the renotropic growth-
stimulating factor is specific to primary kidney cell cultures.
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